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(57) Abstract

A lipase variant of a parent lipase comprising a trypsin-like catalytic triad including an active serine located in a predomi-
nantly hydrophobic, elongated binding pocket of the lipase molecule and, Jocated in a critical position of a lipid contact zone of
the lipase structure, an amino acid residue different from an aromatic amino acid residue, which amino acid residue interacts

| with a lipid substrate at or during hydrolysis, in which lipase variant said amino acid residue has been replaced by an aromatic

amino acid residue so as to confer to the variant an increased specific activity as compared to that of the parent lipase. The parent
lipase may be a C. antarciica lipase A essentially free from other substances from C. antarciica, which comprises the amino acid
sequence shown in SEQ ID No. 2, or a variant of said hpase which (1) has lipase activity, (2) reacts with an antibody reactive with
at least one epitope of C. amiarciica lipase A having th eamino acid sequence SEQ 1D No. 2, and/or (3) is encoded by a nucleo-
tide sequence which hybridizes with an oligonucleotide probe prepared on the basis of the full or partial nucleotide sequence
shown in SEQ ID No. | encoding the C. antarctica lipase A.
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C. antarctica lipase and lipase variants.

FIELD OF THE INVENTION

The bresent invention relates to novel lipase enzyme variants
with improved properties, DNA constructs coding for the ex-
pression of said variants, host cells capable of expressing the
variants from the DNA constructs, as well as a method of
producing the variants by cultivation of said host cells.
%urthérmore, the present invention relates to a recombinant
essentially pure Candida antarctica lipase and variants thereof
as well as a DNA sequence encoding the said lipase or variants
thereof. '

BACKGROUND OF THE INVENTION

A wide variety of lipases of microbial and mammalian origin are
known. The amino acid sequence of many of these lipases have
been elucidated and analyzed with respect to structural and
functional elements important for their catalytic function,
see, for instance, Winkler et al., 1990 and Schrag et al.,
1991. It has been found that the lipase enzyme upon binding of
a lipid substrate and activation undergoes a conformational
change, which inter alia, results in an exposure of the active
site to the substrate. This conformational change together with
the presumed interaction between enzyme and substrate have been
discussed by, inter alia, Brady et al., 1990, Brzozowski et
al., 1991, Derewenda et al., 1992.

Based on the knowledge of the structure of a number of lipases,
it has been possible to construct lipase variants having
improved properties by use of recombinant DNA techniques. Thus,
WO 92/05249 discloses the construction of certain lipase vari-
ants, in which the lipid contact zone has been modified so as
to provide the variants with different substrate specificities
and/or an improved accessibility of the active site of the
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the electrostatic charge, hydrophobicity or the surface
conformation of the 1lipid contact zone by way of amino acid
substitutions.

Although the structural and functional relatlonshlp of lipases
have been the sub)ect of a number of studies as described in
the above cited references, the research has mainly focused on
the macroscopic characteristics of the lipases upon substrate
binding and activation, whereas the identity of the amino aczds
actually involved in the substrate binding and catalytic
activity has been discussed only to a lesser extent.

SUMMARY OF THE INVENTION

By sequence alignment analysis combined with analysis of the
structure and activity of a number of lipases, the present
inventors have now surprisingly found that the presence of
certain amino acids, especially tryptophan, in 'a critical
position of the 1lipase seems to be important for optimal
catalytic activity.

It is consequently an object of the present invention to modify
lipases which do not comprise such an amino acid residue in the

critical position (which lipases in the present context are

termed parent lipases) by replacing the amino acid residue
located in this position with an amino acid residue which gives
rise to a variant having an increased specific activity.

More specifically, in one aspect the present invention relates
to a lipase variant of a parent lipase comprising a trypsin-
like catalytic triad including an active serine located in a
predominantly hydrophobic, elongafed 4binding"pocket of - the
lipase molecule and, located in a critical position of a lipid -
contact zone of the lipase structure, an amino acid residue
different from an aromatic amino acid residue, which interacts
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«With a lipid substrate at or during hydrolysis, in which lipase
variant said amino acid residue has been replaced by an
aromatic amino acid residue so as to confer to the variant an
increased specific activity as compared to that of the parent
lipase. ' ’

In the present context, the term "trypsin-like" is intended to
indicate that the parent lipase comprises a catalytic triad at
the active site corresponding to that of trypsin, i.e. the

amino acids Ser, His and one of Asp, Glu, Asn or Gln.

Lipases degrades triglycerides down to fatty acids, glycerol
and di- and/or monoglycerides. The lipase action is depending
on interfacial activation of the lipase in the presence of
substrate surfaces. On activation lipases change their confor-
mation in such a manner that their surface hYdrophobicity in an
area around the active site is increased. The interfacial
activation of lipases is e.g. discussed by Tilbeurgh et al.
(1993).

All lipases studied until now have been found to comprise at
least one surface loop structure (also termed a lid or a flap)
which covers the active serine when the lipase is in inactive
form (an example of such a lipase is described by Brady et al.,
1990). When the lipase is activated, the loop structure is
shifted to expose the active site residues, creating a surface
surrounding the active site Ser, which has an increased surface
hydrophobicity and which interacts with the lipid substrate at
or during hydrolysis. For the present purpose, this surface is
termed the "lipid contact zone", intended to include amino acid
residues located within or forming part of this surface,
optionally in the form of loop structures. These residues may
participate in lipase interaction with the substrate at or
during. hydrolysis where the lipase hydrolyses triglycerides.
from the lipid phase when activated by contact with the lipia
surface.
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,The 1lipid contact zone contains a binding area (a so-called
binding pocket) for the lipid substrate which is the part of
the 1lipid contact zone to which the lipid substrate binds
before hydrolysis. This binding area again contains a so-called T
s hydrolysis pocket, which is situated around the active site
Ser, and in which the hydrolysis of the lipid sﬁbstrate is
believed to take place. In all known lipases to day the lipid
contact zone is easily recognized, e.qg. from a three-dlmens:.on—
al structure of the lipase created by suitable computer
10 programs. The conformation of an inactive and activated lipase,
respectively, is shown in Fiq‘. 1 which is further discussed
below.

In the present context, the "critical position” of the lipase
molecule is the position in the 1lipid contact zone of the

15 lipase molecule, which is occupied by an amlno acid residue
which interacts with the lipid substrate and which is different
from an aromatic amino acid residue.

In another aspect the present invention relates an C. antarc-

tica lipase A which is ‘essentially free from other C. antarec-
20 tica substances and which comprises the amino acid sequence

identified in SEQ ID No. 2 or a variant thereof which

1) has lipase activity,
2) reacts with an antibody reactive with at least one epitope

of the C. antarctica ’lipas.e having the amino acid sequence -
25 shown in SEQ ID No. 2, and/or

3) is encoded by a nucleotide sequence which hybridizes with an
oligonucleotide probe prepared on the basis of the full or _‘
Partial nucleotide sequence shown in SEQ ID No. 1 encoding the

C. antarctica lipase A. ' ' ’ .

30 The C. antarctica lipase A of the invention has a number of
desirable properties including a high thermostability " and
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(activity at acidic pH and may advantageously be produced by use
of recombinant DNA. techniques, e.g. using the procedures
_described below. Thus, the lipase A of the invention may be.
obtained in a higher purity and a higher amount than the (o

5 anta:ctica lipase A purified from wild type C. antarctica which
is described in WO 88/02775.

Furthermore, the ﬁresent invention relates to a DNA sequence
encoding the ¢, antarctica lipase A having the amino acid
sequence identified in SEQ ID No. 2 or a modification of said
10 DNA sequence encoding a variant of the C. antarctica lipase A

as defined above.

In the present context "C. antarctica lipase A" is used inter-
changeably with "lipase A" and the variant of the C. antarctica
lipase A is termed "lipase A variant®.

1s The present invention also relates to a DNA construct compri-
sing a DNA sequence encoding a lipase variant as indicated
above or a DNA sequence encoding the C. antarctlca lipase A, a
recombinant expression vector carrying said DNA construct, a
cell transformed with the DNA construct or the expression
20 vector, as well as a method of producing a lipase variant of

the invention by culturing said cell under conditions conducive
to the production of the lipase variant, after which the lipase
variant is recovered from the culture.

It will be understood that lipase variants of the present

25 invention having an increased specific activity as compared to
their parent lipases may be used for the same purposes as their
parent lipases, advantageously in a lower amount due to their
higher specific activity.

Accordlngly, the present invention relates to the use of a
30 lipase variant of the invention as a detergent enzyme; as a di-
gestive enzyme; in ester hydrolysis, ester synthesis or intere-
sterification; or the use of the lipase variant to avoid pitch
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'trouble arising, e.g., in processes for preparing mechanical

pulp and in paper-making processes using mechanical pulp.

DETAILED DISCLOSURE OF THE INVENTION

As indicated above, the present inventors have found that the
presence of certain aromatic amino acids, especially tryp-
tophan, located in the 1lipid contact zone of the 1lipase
molecule is important for opti@al catalytic activity.

The importance of the presence of an aromatic amino acid
residue and in particular a tryptophan residue was found in
connection with a study of mutants of a Humicola lanuginosa
lipase which comprises a tryptophan residue at the critical
position in the lipid contact zone, i.e. the amino acid number
89 in the amino acid sequence of the H, lanuginosa lipase
published in EP 0 305 216. In the H. lanuginosa mutants this
tryptophan residue was replaced by phenylalanine, tyrosine,
histidine, isoleucine, glutamic acid and glycine, respectively.
It was found that the specific activity of these mutants
decreased (in the order indicated above) from 100% of the wild
type lipase to about 10% of the phenylalanine mutant and down
to about 2% for the glycine mutant.

Without being limited to any theory it is presently believéd
that the amino acid residue present in the critical position,
e.g. on top of or in the proximity of the active serine, may be
involved in a) stabilization of the tetrahedral intermediate
formed from the lipase and the substrate during the activation
of the lipase, and b) in the activation of the replacement of
the 1lid region covering the active serine in the. inactive
enzyme. When tryptophan is present in thlS position, it is con-
templated that optimal performance with respect to a) as well
as b) above is obtained. Thus, it is believed that tryptophan
gives rise to the formation of the most stable tetrahedral
intermediate (which means a lowering of the activation energy
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;Jeeded for the catalysis to take place), and further improves
the performance of the enzymé with respect to the activation of
the 1lid opening which is essential for any catalysis to take
place.

In connection with a) above it has been observed that the best
acting lipase variants contain an unsaturated ring system in
the side-chain. The far the biggest unsaturated system is
tryptophan, then tyrosine, phenylalanine and histidine. These
sidechains have a pi-electron system ("the unsaturation®) that
could be important for the proton transfer in the catalysis
resulting in a lower activation energy for creating the
tetrahedral intermediate where proton transfer has taken place
from active site histidine to serine to the oxyanion hole.
created after l1lid activation and opening.

From the above theoretical explanation it will be understood
that the optimal amino acid to be present in the critical
position, e.g. on top of or in the proximity of the active
serine, is tryptophan. However, when the parent lipase is one
which does not contain any aromatic amino acid residue or any
amino acid residue with an unsaturated ring system in the side-
chain in this position, such amino acids may advantageously be
substituted into this position.

Thus, when the parent lipase, in the criticalvposifion, has an
amino acid residue which does not comprise an unsaturated ring
system in the side-chain, an amino.acid residue having such an
unsaturated ring-system, e.g. an aromatic amino acid
(tryptophan, tyrosine, phenylalanine or histidine) may be
substituted into the critical position. When the amino acid
residue in the critical position of the parent 1lipase is
histidine, it may advantageously be replaced by phenylalanine,
tyrosine and most preferably tryptophan, when the amino acid
residue is -tYrosine, it may advantageously be replaced 5y
phenylalanine and most preferably tryptophan, and when the
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pnino acid residue is phenylalanine it may. advantageously be
replaced by tryptophan.

While the critical position in some lipases is contemplated to
be any position within the lipid contact zone, the critical
position will normally be located in the binding pocket of the
lipase molecule, and preferably in the hydrolysis pocket
thereof. For most lipases it is believed that the critical
amino acid residue is positioned on top of or in the proxxmlty
of the active site.

The amino acid residue occupying this position may be identi-
fied in any lipase by 1) sequence alignment studies in which
the amino acid sequence of the lipase in question is aligned
with the amino acid sequence of other lipases, in which the
amino acid residue positioned on top of or in the proximity of
the active serine has been identified, so as to identify the
presumed position of said amino acid residue, and/or 2) an
analysis of the three-dimensional structure of the lipase in
question using standard display programmes such as INSIGHT
(Biosym Technologies Inc., San Diego, USA), so as identify the
amino acid sequence on top of or in the proxlmlty of the active

serine.

More specifically, on the basis of a computer program such as.
INSIGHT displaying lipase coordinates in accordance with well-
known technology, it is simple to point out which part of the
lipase which contains the 1lipid contact zone. 1/ if the
structure of the lipase is in a non-activated form, the lipid
contact zone is identified by the direction of sidechains of
the active site Ser. 2/ if the structure is in the activated
form one may additionally base the identification on a colour-
ing of all hydrophobic reszdues 1n a colour d1fferent from the

3other residues. By this procedure in which a cpk model of the

structure is created, the hydrophobic surface specific for the
lipid contact zone may be identified. The active site Ser is
located within this more hydrophobic part of the molecule.
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«In some lipases the critical amino acid residue is located in
the surface loop structure covering the active site, or in one
or more of the surface loop structures found to form part of
the surface of the lipid contact zone, such as of the binding

5 pocket or hydrolysis pocket. ‘ '

Although the critical position is normally considered to be
constituted of only one amino acid residue it may be advan-
tageous to replace two or more residues, preferably with a
tryptophan residue as explained above, in order to obtain a
10 further increased specific acitivity.

It is contemplated that it is possible to increase the specific
activity of parent lipases which do not have a tryptophan
residue in the critical position at least 2 times, such as at
least 3 and preferably at least 4 or even 5, 6 or 7 times by
15 modifications as diclosed herein.

It is cohtemplated that lipase variants as defined herein
having an increased substrate specificity may be prepared on
the basis of parent lipases of various origins. Thus, the
parent lipase may be a microbial lipase or a mammalian lipase.

20 When the parent lipase is a microbial 1lipase, it may be
selected from yeast, e.g. Candida, lipases, bacterial, e.g.

Pseudomonag, lipases or fungal, e.g. Humicola or Rhizomucor
lipases.

One preferred lipase variant is one, in which the parent lipase
25 is derived from a strain of Candida_antarctica, in particular
one in which the parent lipase is lipase A of C. antarctica,
Preferably the one which has the amino acid sequence shown in
SEQ ID No. 2 or a lipase A variant thereof as defined herein.
The lipase.varignt of this C. antarctica lipase A preferably
30 has the amino acid sequence shown inASEQ ID No. 2 in which the"
phenylalanine 139 of the parent lipase has been replaced by a
tryptophan residue. The construction of this variant and the
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;analysis of the properties thereof is discussed in Example 3,
5 and 6.

A lipase variant of the invention may, as mentioned above, be
prepared on the basis of a parent lipase derived from a strain
of a Pseudomonas species, e.g. Ps. fragi. An example of a
suitable Ps. fragi lipase which has an amino acid residue
different from tryptophan positioned on top of or in the
proximity of the active serine, is the one described by Aoyama
et al., 1988. A lipase:" var%ant according to the present
invention may be constructed by replécing the phenylalanine
residue 29 in the amino acid sequence of said lipase shown in
SEQ ID No. 3 by a tryptophan residue.

An example of a fungal lipase suitable as a parent lipase for

the construction of a lipase variant of the invention is one

derived from Rhizopus, especially from R. delemar or R. niveus,
the amino acid sequence of which latter is disclosed in, e.g.,

JP 64-80290. In order to construct a lipase variant according

to the présent invention'from this parent lipase, the alanine

residue at position 117 is to be replaced with'an aromatic

amino ac1d residue such as tryptophan. The sequence alignment

of the R. niveus llpase sequence (SEQ ID No. 5) and an Rhizomu-

cor miehei lipase sequence (containing a tryptophan residue).
(SEQ ID No. 4) is illustrated below. From this alignment the

critical position of the R. niveus lipase may be determined.

SEQUENCE 10 20 30 40 50 60 Res#
t N 1 1 1 L1 L 1 1 ! 1
moeor SIDGGIRAATSQEINELTYYTTLSANSYCRIV 32

SEUBXE - 70 80 - 90 100 110 120 Res#
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SBYUENCE : 250 260 270 280 290 ‘300 Res#
} 1 1 { 1 i | . ] i ] ] 1

mcor AFGFIHAGEEYWI TONSPETVXVCTSOLET SDCSNSTVPFTSVIDHL SYFGINTGLCS 269
niveus SFGFIHPGVESWIKSGTSN-VQICTSEIETKDCSNSTVPFTSILIHL SYFDINEGSCL 297

The present inventors have surprisingly found that non-pan-
Ccreatic lipases such as gastric, lingual, or hepatic lipases
have the common feature that the amino acid residue which has
been identified to be the one located in the critical position
of the lipase molecule, normally on top of or in the prox1m1ty
of the active serine, is different from tryptophan. This is in
contrast to pancreatic lipases which generally have been found
to have a tryptophan residue in this position. Thus, in the
Present context, non-pancfeatic mammalian lipases may advan-
tageously be used as "parent lipases" for the construction of
lipase variants of the invention.

Accordingly, lipase variants as disclosed herein which is of
mammalian origin is  advantageously prepared from a parent
lipase of non-pancreatic, such as gastric, lingual or hepatic
origin. Such mammalian lipases may be derived from humans,

rats, mice, plgs,bdogs or other mammals. Specific examples of

- 30

'such mammalian llpases Aincludes a rat lingual lipase having the

sequence identified as A23045 (Docherty et al., 1985), a rat
hepatic 1lipase having the sequence identified as 2A27442

NZAS-0014044
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, (Komaromy and Schotz, 1987}, a human hepatib lipase having fhe
sequence identified as A33553 (Datta et al., 1988), a human
gastric lipase having the sequence identified as S07145 (Bodmer
et al., 1987), and a Bio Salt Activated Lipase (BSAL) having
the sequence identified as A37916 (Baba et al., 1991) all of
which were analysed with respect to the critical position in
the sequence alignment analysis illustrated below. The pan-
creatic lipases included in this sequence alignment study were
a murine pancreatic lipase, A34671 (Grusby et al., 1990), a
porcine pancreatic lipase, A00732V(Caro et al., 1981), a huﬁan
pancreatic lipase, A34494 (Lo&e et al., 1989), and a canine
pancreatic lipase having the sequence B24392 (Mickel et al.,
1989). The amino acid sequences of each of the lipases men-
tioned have the accession numbers listed above and are avail-
able from publically available databases.

42 89
A37916 TYGDEDCLYL NIWVPQGRK. ..QVSRDLPV MIWLIYGGAFL MGSGHGANFL
A23045 EVVTEDGYIL GVYRIPHGKN NSENIGKRPV VYIOHGLIAS AT..NWIANL
S07145 EVVTEDGYIL EVNRIPYGKK NSGNTGORFV VFLOHGLIAS AT..NWISNL -
B24392 TNKNPNNFQT LLPSDPSTIE ASNFQIDKKT RETTHGFINK GE.ENWLLDM
A34494 TNENPNNFQE VA.ADSSSIS GSNFKINRKT RFIIHGFIDK GE.ENWLANV
A34671 TNENPNNYQI ISATDPATIN ASNFQLDRKT RFITHGFIDK GE.BPGWLIDM
A00732 'TNONONNYQE LV.ADPSTTT NSNFRMDRKT RFITHGFIDK GE.EDWLSNI
A33553 GEINQ..GOQ IRINHPDTLQ BOGFNSSLPL VMITHGWSVD GVLENWIWGM
A27442 KDESORLGOQ LRPGHPETIQ BOGFNSSHPL VMITHGWSVD GLLETWIWKE

A37916 NNYLYDGEEI ATRGNVIVVT FNYRVGPLGF LSTGDANLEG NYGLRDGHMA
A23045 PNNSLAFMIA DAGYDVWLGN SRGNIWSRKN VYYSPDSVEF WAFSFDEMAK
S07145 PNNSLAFTIA DAGYDVWLGN SRGNIWARRN LYYSPDSVEF WAFSFDEMAK
B24392 CKNMFKVEE. ........VN CICVDWKKGS QTSYTOAANN VRVVGAQVAQ
A34494 CKNLFKVES. ........VN CICVDWKGGS RIGYTOASON IRTVGAEVAY
A34671 CKRMFQVEK. ........VN CICVDWKRGS RTEVIQASYN TRVVGAETAF
A00732 CRNLFKVES. ........VN CICVDWKGGS RIGYTQASON IRTVGAEVAY
A33553 VAAIKSQPAQ P.......VN VGLVDWITIA HDHYTIAVRN TRLVGKEVAA
A27442 VGALKSRQSQ P.......UN VGLVDWISIA YQHYATAVRN TRVVGQEVAA
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‘A23045

507145
B24392
A34494
A34671
AD0732
A33553
A27442

A37916
A23045
S07145

B24392

A34494
A34671
AD0732
A33553
A27442

A37916
A23045
S07145
B24392
A34454
A34671
A00732
A33553
A27442
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131 — 175
TAWVKRNI.A AFGGDPNNIT | LFGESAGGAS] VSLOTLSPYN K. . .GLIRRA

YDLPATINFI VQKTGOEKTH | YVGHSQGTTI | GFIAFSTNPT L. . AKKIKTF
YDLPATIDFI VKKTGQKQLH | YVGHSQGITI | GFIAFSTNPS L. . AKRIKTF
MLSMLS. . .A NYSYSPSQWQ|LIGHSLGAHV | AGEAGSRTPG . . .LGRITGL

. FVEFLQ. . .S AFGYSPSNVH | VIGHSLGAHA | AGEAGRRING T..IGRTTGL

LVQULS. . .T EMGYSPENVH | LIGHSLGSHV | AGEAGRRLEG H. .VGRTTGL
FVEVIK. . .S SLGYSPSNVH|VIGHSIGSHA | AGEAGRRING T..YERTTGL.
LIRWLE. . .E SVQLSRSHVH| LIGYSLGAHV|SGFAGSSIGG THKIGRTTGL

LLIWLE. . .E SMKFSRSKVH| LIGYSLGAHV | SGFAGSSMGG KRKIGRTITGL
| — |

176. 220
ISQSGVALSP WVIQKN.... ..PLFWAKKV AEKVGCPVGD AARMAQCLKV
YAIAPVATVK YTQSPLKKIS FIPTFLFKIM FGKKMFLPHT YFDDFLGTEV
YATAPVATVK YTKSLINKIR FVPQSLFKFI FGDKIFYPHN FFDQFLATEV
DPAEPCFQGT PELVRID... ..PSDAKFVD VIHIDGAPIV PNLGFGMSQV
DPAEPCFQGL. PEEVRID... ..PSDAMFVD VIHIDSAPII PYIGFGMSQK
DPAEPCFQGT PELVRID... ..PSDAKFVD VIHIDAAPII PNLGFGMSQT
DAAGPLFEGS APSNRLS... .. PDDASFVD ATHTFTREHM GLSVGIK.QP

2 = Flap region
2231 ] 270
TDPRALTLIAY KVPLAGLEYP MLHYVGFVPV IDGDFIPADP INLYANAADI
CSREVIDLLC SNTLFIFOGF DKKNINVSRF DVYLGHNPAG TSVODFLHWA
CSREMINLIC SNALFIIOGF DSKNFNTSRL DVYLSHNPAG TSVONMFHWT
MGHLDFFPNG GEEMPGCKKN ALSQIVNIDG IWEGTRDFVA CNHLRSYKYY
VGHLDFFPNG GVEMPGCKKN ILSQIVDIDG IWEGTRDFAA CNHLRSYKYY
VGHLDFFPNG GKEIPGOQKN ILSTIVDING IWEGTRNFAA CNHLRSYKYY
VGHLDFFPNG GKQMPGOQKN JTLSQIVDIDG IWEGTRDFVA CNHLRSYKYY
IGHYDFYPNG GSFOPGCHFL. ELYRHIAGHG FNATTQTIK. CSHERSVHLF

NZAS-0014046
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«As mentioned above the present invention also relates to a C.
antarctica lipase A essentially free from other C. antarctica
substances, which has the amino acid sequence shown in SEQ Ib
No. 2 or a variant therof which

1) has lipase activity,

2) reacts with an antibody reactive with at least one epitope
of C. antarctica lipase A having the amino acid sequence shown
in SEQ ID No. 2, and/or

3) is encoded by a nucleotide sequence which hybridizes with an
oligonucleotide probe prepared on the basis of the full or
partial nucleotide sequence shown in SEQ ID No. 1 encoding the
C. antarctica lipase A.

In the present context, the term "variant® is intended to
indicate a lipase A variant which is derived from the c.
antarctica lipase A having the amino acid sequence shown in SEQ
ID No. 2, or a naturally occurring variant. Typically, the
variant differ from the native lipase A by one or more amino
acid residues, which may have been added or deleted from either
or both of the N-terminal or C-terminal end of the lipase,
inserted or deleted at one or more sites within the amino acid
sequence of the lipase or substituted with one or more amino
acid residues within, or at either or both ends of the amino
acid sequence of the lipase. ’

Furthermore, the variant of the invention has one or more of
the characterizing properties 1)-3) mentioned above. Property
1), i.e. the "lipase activity" of the variant may be determined
using any known 1lipase assay, e;g. the Standard LU assay
described in the Methods section below.

Property 2), i.e. the reactivity of the variant of the inven-
tion with an antibody raised against or reactive with at least
one epitope of the C. antarctica lipase A having the amino acid
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{Sequence shown in SEQ ID No. 2 below may be determined by
polyclonal antibodies produced in a known manner, for instance
by immunization of a rabbit with the C. antarctica lipase A of
the invention. The antibody reactivity may be determined using
assays known in the art, examples of which are Western Blotting
or radial immunodiffusion assay.

Property 3) above, involving hybridization, may be performed
using an oligonucleotide probe prepared on the basis of the
full or partial cDNA sequence encoding the C. antarctica lipase
A, the amino acid sequence of which is identified in SEQ ID No.
2, as a hybridization probe in a hybridization experiment
carried out under standard hybridization conditions. For
instance, such conditions are hybridization under specified
conditions, e.g. involving presoaking in 5xSSC and prehy-
bridizing for 1h at -~40°C in a solution of 20% formamide,
5xDenhardt’s solution, 50mM sodium phosphate, pH 6.8, and 50ug
of denatured sonicated calf thymus DNA, followed by hybridiza-
tion in the same solution supplemented with 100uM ATP for 18h
at ~40°C, or other methods described by e.g. Sambrook et al.,
1989.

The nucleotide seguence on the basis of which the oligonucle-
otide probe is prepared is conveniently the DNA seguence shown
in SEQ ID No. 1.

As stated above in a further aspect the present invention
relates to a DNA sequence encoding C. antarctica lipase A
having the amino acid sequence shown in SEQ ID No. 2 or a
modification of said DNA sequence which encodes a variant of C.
antarctica lipase A which

1) has lipase activity,
2) reacts with an antibody reactive with at least one epitope

of the C. antarctica lipase A having the amino acid seguence
shown in SEQ ID No. 2, and/or
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oligonucleotide probe prepared on the basis of the full or
partial nucleotide sequence shown in SEQ ID No. 1 encoding the
C. antarctica lipase A.

Examples of suitable modifications of the DNA sequence are
nucleotide substitutions which do not give rise'to another
amino acid sequence of the encoded enzyme, but which may
correspond to the codon usage of the host. organism into which
the DNA sequence is 1ntroduced or nucleotide substltutxons
which do give rise to a different amino acid Sequence, w1thout
however, impairing the above stated properties of the enzyme.
Other examples of possible modifications are insertion of one
or more nucleotides into the sequence, addition of one or more
nucleotides at either end of the sequence and deletion of one
or more nucleotides at either end of or within the sequence.

ethods o repari lipase variants of the inventio

Several methods for introducing mutations into genes are known
in the art. After a brief discussion of cloning lipase-encoding
DNA sequences, methods for generating mutations at specific
sites within the lipase-encoding sequence will be discussed.'

Cloning a DNA sequence encoding a lipase

The DNA sequence encoding a parent lipase or the C. antarct;ca
lipase A as defined herein may be isolated from any cell or
microorganism producing the 1lipase in questlon by various
methods, well known in the art. First a genomic DNA and/or cDNA
library should be constructed using chromosomal DNA or
messenger RNA from the organism that produces the lipase to be
studied. Then, if the amino acid sequence of the lipase is
known, homologous, labelled oligonucleotide probes may be
synthe51zed and used to identify lipase-encoding clones from a
genomic library of bacterial DNA, or from a fungal 'cDNA
library. Alternatlvely, a labelled oligonucleotide probe
contalnlng sequences homologous to 11pase from another strain
of bacteria or fungus could be used as a probe to identify
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Jipase-encodingl clones, using hybridization and washing
conditions of lower stringency. :

Yet another method for identifying 1lipase-producing Clones

would involve inserting fragments of genomic DNA into én
5 expression vector, such as a plasmid, transforming lipase-

hegative bacteria with the résulting genomic DNAR library, and

then plating the transformed bacteria onto agar containing a

substrate for lipase. Those bacteria containing lipase-bearing

plasmid will produce colonies surrounded by a halo of clear
10 agar, due to digestion of the substrate by secreted lipase.

Alternatively, the DNA sequence encoding the enzymeAmay be
prepared synthetically by established standard methods, e.g.
the phosphoamidite method described by S.L. Beaucage and M.H.
Caruthers (1981) or the method described by Matthes et al.
15 (1984). According to the phosphoamidite method, oligonucleo-
tides are synthesized, e.g. in an automatic DNA synthesizer,
purified, annealed, ligated and cloned in appropriate vectors.

Finally, the DNA sequence may be of mixed genomié and synthe-

tic, mixed synthetic and cDNA or mixed genomic and cDNA origin
20 prepared by ligating fragments of synthetic, genomic or cDNA

origin (as appropriate), the fragments corresponding to various

parts of the entire DNA sequence, in accordance with standard

techniques. The DNA segquence may also be prepared by polymerase

chain reaction (PCR) using -specific primers, for instance as
25 described in US 4,683,202 or R.K. Saiki et al. (1988).

Site—directed~mutagenesis of the lipase-encoding sequence

Once a lipase-encoding DNA sequence has been isolated, and de-

sirable sites for mutation identified, mutations may be intro-
duced using synthetic oligonucleotides. These oligonucleotides
30 contain nucleotide sequences flanking the desired mutation
sites; mutant nucleotides are inserted during oligonucleotide
synthesis. In a specific method, a single-stranded gap of DNA,
bridging the lipase-encoding sequence, is created in a vector
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;carrying the 1lipase gene. Then the synthetic nucleotide,
bearing the desired mutation, is annealed to a homologous
portion of the single-stranded DNA. The remaining gap isAthen'
filled in with DNA polymerase I (Klenow fragment) and the

5 construct is ligated using T4 ligase. A specific example of
this method is described in Morinaga et al.'(1984). U.Ss. '
Patent number 4,760,025 discloses the introduction of oligo-
nucleotides encoding multiple mutations by performing minor
alterations of the cassette, however, an even greater variety

10 of mutations can be introduced‘atAany one time by the Morinaga
methoqd, because a multitude of oligonucleotides, of various
lengths, can be introduced.

Another method of introducing mutations into lipase-encoding

sequences is described in Nelson and Long' (1989). It involves
15 the 3-step generation of a PCR fragment containing the desired

mutation introduced by using a chemically synthesized DNA

stvrand' as one of the primers in the PCR reactions. From the

PCR-generated fragment, a DNA fragment carrying the mutation

may be isolated by cleavage with restriction endonucleases and.
20 reinserted into an expression plasmid. '

According to the invention, a C. antarctig.g lipase A-coding
seguence or a mutated lipase-coding sequence produced by
methods described above or any alternative methods known in the
25 art, can be expressed, in enzyme form, using an expression
vector which typically includes control segquences encoding a
promoter, operator, ribosome binding site, translation initi-
ation signal, and, optionally, a repressor dgene or various
activator genes. To permit the secretion of the expressed
30 protein, nucleotides encoding a "signal sequence"” may be
inserted prior to the lipase-coding sequence. For expression
under the direction of control sequences, a target gene to be .
treated according to the invention is operably linked to the
control sequences in the proper reading frame. Promoter
35 sequences that can be incorporated into plasmid vectors, and
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include but are not limited to the prokaryotic B-lactamase
promoter (Villa-Kamaroff et al. (1978) and the tac promoter
(DeBoer, et al., 1983). Further references can also be found
in "Useful proteins from recombinant bacteria" (1980).

According to one embodiment a strain of Bacillus, e.g. B.
subtilis, B. licheniformis or B. lentus, or .a strain of E. coli
is transformed by an expression vector carrying the lipase A or
the mutated DNA. If expression is to take Place in a secreting
microorganism such as B. subtilis a signal sequence may follow
the translation initiation 51gnal and precede the DNA sequence
of interest. The s1gna1 sequence acts to transport the
expression product to the cell wall where it is cleaved from
the product upon secretion. The term "control sequencee" as
defined above is intended to include a signal sequence, when is
present.

The lipase or lipase variants of the invention may further be
produced by using a yeast cell has a host cell. Examples of
suitable yeast host cells include a strain of Saccharomyces,
such as S. cerevisiae, or a strain of Hansenula, e.g. BH.
polymorpha or Pichia, e.g. P. pastoris. '

In a currently preferred method of producing lipase A or lipase
variants of the invention, a filamentous fungus is used as the
host organism. The filamentous fungus host organism  may
conveniently be one which has previously been used as a host
for producing recombinant proteins, e.g. a strain of Asper-
gillus sp., such as A. niger, A. nidulans or a. oryzae. The use
of A. oryzae in the production of recombinant proteins is ex-
tensively described in, e.g. EP 238 023.

For expression of 11pase varlants in Aspergillus, the DNA
sequence codlng for the lipase A or the lipase varlant is
preceded by a promoter. The promoter may be any DNA sequence
exhibiting a strong transcriptional activity in Aspergillus and
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,may be derived from a gene encoding an extracellular or
intracellular protein such as an amylase, a glucoamylase, a
protease, a lipase, a cellulase or a glycolytic enzyme.

Examples of suitable promoters are those derived from the gene

s encoding A. oryzae TAKA amylase, Rhizomucor miehei aspartic
proteinase, A. niger neutral d-amylase, A. niger acid stable q-
amylase, A. niger glucoamylase, Rhizomucor miehei lipase, A.
oryzae alkaline protease or A. orygge triose phosphaﬁe
isomerase.

10 In particular when the host organism is A. orvzae, a preferred
promoter for use in the process of the present invention is the
A. oryzae TAKA amylase promoter as it exhibits a strong
transcriptional activity in A. oryzae. The sequence of the TAKA
amylase promoter appears from EP 238 023.

15 Termination and polyadenylation sequences may suitably be
derived from the same sources as the promoter.

The techniques used to transform a fungal host cell may
suitably be as described in EP 238 023.

To ensure secretion of the lipase A or the lipase variant from
20 the host cell, the DNA sequence encoding the lipase variant may
be preceded by a signal sequence which may be a naturally
occurring signal sequence or a functional part thereof or a
synthetic sequence providing secretion of the protein from the
cell. In particular, the signal sequence may be derived from a
25 gene encoding an Aspergillus sp. amylase or glucoamylase, a
gene encoding a Rhizomucor miehei lipase or protease, or a gene
encoding a Humicola cellulase, xylanase or lipase. The signal
sequence is preferahly derived from the gene encoding A. zae
TAKA amylase, A. giger neutral ‘a~amylase, A. niger ac1d-stab1e
30 a~amylase or A_,n;ggg,glucpamylase.
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any conventional medium suitable for culturing Aspergillus
cells. The transformants are usually stable and may be cultured
in the absence of selection pressure. However, if the trans-
formants are found toAbe unstable, a selection marker intro-
duced into the cells may be used for selection.

The mature lipase protein secreted from the host cells may
conveniently be recovered from the culture medium by well-known
procedures including separating the cells from the medium by
centrifugation or filtration, and precipitating proteinaceous
components of the medlum by means of a salt such as ammonium
sulphate, followed by chromatograph1c Procedures such as ion
exchange chromatography, affinity chromatography, or the like.

It will be understood that the lipase variants of the invention
are contemplated to be active towards the same type of sub-
strates as their parent lipases, with an improved specific
activity. Thus, the lipase variants of the invention are
contemplated to be useful for the same purposes as their parent
lipases.

Accordingly, lipase variants of the invention prepared from a
parent lipase useful as a detergent enzyme may be used as an
active ingredient in a detergent additive or a detergent
composition.

Another contemplated use of lipase variants of the invention,
is as digestive enzymes, e.g. in the treatment of cystic
fibrosis.

A third use of the lipase variants of the invenfion, especially
variants of C¢. anptarctica lipases are in lipase-catalysed
processes such as in ester hydrolysis, ester synthe51s and
1nterester1f1catlon. The use of lipases in these processes is
discussed in detail in Wo 88/02775 (Novo Nordisk A/S), the
content of which is incorporated herein by reference. Further-
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;more, as the C. antarctica is an unspecific lipase,.it may be
used for randomization, e.g. in the preparation of margarine. -
Also the lipase variants of the invention may be used to avoid
pitch trouble that arises in the production prdcess for mecha-

5 nical pulp or in a paper-making process using mechanical'pulp,
e.g. as described in PCT/DK92/00025 (Novo Nordisk A/S), the
content of which is incorporated herein by reference.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is described in the following with
10 reference to the appended drawings, in which

Fig. 1 is a computer model showing the three-dimensional
structure of the lipid contact zone of the H. lanuginosa lipase
described in WO 92705249 when the lipase is in inactive
(closed) and active (open) form, respectively. "White" residues
15 represent hydrophobic amino acids (Ala, Val, Leu, Ile, Pro,
Phe, Trp, Gly and Met), "yellow" residues represent hydrophilic
amino acids (Thr, Ser, Gln, Asn, Tyr and Cys), "blue" residues
represent positively charged amino acids (Lys, Arg and His),
and "red" residues represent negatively charged amino acids
20 (Glu and Asp).

Figs. 2 and 3 illustrate the scheme for the construction of the
expression plasmid pMT1229 (see Example 1).

The present invention is further illustrated in the following

examples which are not intended, in any way, to limit the scope
25 of the invention as claimed.
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MATERTIALS

Plasmids and microorgénisms

pBoel?77 (p777) (described in EP 0 489 718)

P775 (the construction of which is described in EP 0 238 023)
PIC1SH (Marsh et al., Gene 32 (1984), pp. 481-485)

pToC90 (described in WO 91/17243)

Aspergillus oryzaé A1560: IFO 4177

E. coli MT172 (a K12 restriction deficient E. coli MC2000
derivative)

GENERAL METHODS

Site-directed in vitro mutagenesis of lipase genes

The three different approaches described in WO 92/05249 may be
used for introducing mutations into the lipase genes, i.e. the
oligonucleotide site-directed mutagenesis which is described by
Zoller & Smith, DNA, Vol. 3, No. 6, 479-488 (1984), the PCR

‘method as described in Nelson & Long, Analytical Biochemistry,

20

25

180, 147-151 (1989), and the so-called "cassette mutagenesis®
technique, in which a segment between two restriction sites of
the lipase-encoding region is replaced by a synthetic DNA frag-
ment carrying the desired mutation. Use of the latter technique
is illustrated in Example 2.

Determination of lipase specific activity

Lipase activity was assayed using glycerine tributyrat as a
substrate and gum-arabic as an emulsifier. 1 LU (Lipase Unit)
is the amount of enzyme which liberates 1 pmol titratable
butyric acid per minute at 30°C, pH 7.0. The lipase activity
was assayed by pH-stat using Radiometer titrator VITSO,
Radiometer, Copenhagen. Further details of the assay are given
in Novo Analytical Method AF 95/5, available on request.
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, EXAMPLES
EXAMPLE 1

Cloning of Candida antarctica lipase A

Chromosomal DNA of the g;_gngg;ggggg strain LF058 (= DSM 3855
5 deposited with the Deutsche Sammlung von Mlkroorganlsmen {DSM)
on September 29, 1986 under the terms of the Budapest Treaty,.
and further described in WO 88/02775) was prepared by opening
of frozen cells by grinding with quartz and subsequent extrac-
tion of DNA essentially as described by Yelton et al., (1984).
10 The purified DNA was cut partially with Sau3a and, after
agarose gel electrophoresis, fraéments in the range of 3-9 kb
were isolated. The sized Sau3A fragments were ligated into a
BamHl-cut, dephosphorylated plasmid pBR322 (New England
Biolabs). The ligation mix was transformed into the E. coli
15 MT172. Approximately 50,000 transformant E. coli colonies were
obtained, 80% of which contained an insert of LF0S58 DNA.

Using standard colony hybridization techniques (Maniatis et
al., 1982)_thé colonies were screened with the 32F~phosphory-
lated oligonucleotide probe NOR 440 (SEQ ID No. 7). NOR 440 is

20 a degenerated (64) 17 mer based on the N-terminal determined
from mature C. antarctica lipase A (SEQ ID No. 2). 34 colonies
appeared positive after wash at low stringency (41°C and 6.x
SSC) . Plasmids were prepared from these colonies and Southern
aﬁalyzed after restriction with BstNi1. The probe for the

25 Southern was either the NOR 440 probe (SEQ ID No. 7) used for
the colony hybridization (see above) or a 327-labelled probe NOR
438 (SEQ ID No. 6). NOR 438 is an oligonucleotide (a gueés mer)
where, at 13 positions, a base has been chosen on the basis of
codon use in yeasts and filamentous fungi.

30 AACCCATACGACGACCC : . NOR 440

T C T T T (SEQ ID No. 7)
G
T
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! 6CTGCTETGCCTARCCCTTACGACGACCCTTTCTACACEACECE NOR 438
T T T (SEQ ID No. 6)

guess positions indicated

5 Only one plasmid, pMT1076, contained a 'band which hybridised
both to NOR 440 at low stringency (see above) and to NOR 438 at
a somewhat higher stringency (55°C and 1 x SSC).

PMT1076 was restriction mapped and the DNA sequence determined
by the Maxam—-Gilbert method. The seguence covering the open
10 reading frame is shown in SEQ ID No. 1. The open reading frame
is seen to encode a putative signal sequence of 21 amino acids
(according to the von Heine rules (von Heijne, G. (1986))' and
furthermore a propeptide of 10 amino acids preceding the N-
terminal of the mature lipase. The last two amino acids of the
15 propeptide are Arg. Arg, i.e. a typical cleavage site for
endoproteolytic processing by enzymes of the S. cereviciae KEX~
2 type. The amino acid composition of the mature protein
(starting at position 32) encoded by the DNA sequence is in
agreement with the amino acid composition determined for C.
20 antarctica lipase A, cf. the following table:
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Amino acid composition of C. éntartica lipase A (CALIP)

Deduced from DNA By amino acid
sequence analysis (McC)
Ala 50 - 47
Arg 9 9
Asp/AsN 35 - 36
Cys ‘ 4 4
Gln/G1N 35 36
Gly 28 . 31
His 6 6
Ile 26 24
Leu 29 30
Lys 17 17
Met 2 3
Phe 20 19
Pro. 33 33
Ser 26 27
Thr 27 28
Trp - 5 4
Tyr 18 16
Val 27 26

Through a number of standard plasmid manipulations (Maniatis et
al., 1982) illustrated in Figs. 2 and 3, the open reading frame
of C. antarctica lipase A was placed in the correct orientation
between the alpha-amylase promoter of A. oryzae and the
glucoamylase transcription terminator of A. n;ger. The result-
ing expression plasmid PMT1229 was transformed 1nto A._ orvyzae
Al560 as described in EP 305,216. Transformants were isolated
and grown as described in the above cited patents and the
culture supernatants were analyzed for the presence of c.

antarctica lipase A.

NZAS-0014059



WO 94/01541 PCT/DK93/00225

27

¢ EXAMPLE 2

10

15

20

25

30

35

Construction of a plasmid expressing the F13SW variant of
Candida antagctlca lipase A

A 246 bp BamHI/BssHII fragment was synthesized in vitro on the
basis of the nucleotide sequence of pMT1229 using ollgonucleo-
tide primers 3116 and 3117 in a PCR reaction. The primer 3117
includes a BssHII restriction site and a mutation in the 135
phe codon (TTC) to trp codon (TGG) which is marked with stars.

Oligonucleotide primer 3116 (F135W:256-276) (SEQ ID No. 8)
5/=-CAG AAC GAG GCG GTG GCC GAC-3’

Oligonucleotide primer 3117 (F135W:566-487) (SEQ ID No. 9)
5/~TTC TTG AGC GCG CGG ATG_CCG TCG AGG ATA GCC ATG CCC TCT TCG
TAG CCA GCG ATG AAG GCG GCT TTC* C*AG CCT TCG TG-3’

The PCR reaction was performed by mixing the following com-
ponents and incubating the mixture in a HYBAID™ thermal
reactor.

Template pMT1229 10 ng/pl 1 pul
H,0 46.5u1
10 x PCR buffer 10 ul
2 mM dATP 10 pl
2 mM 4ATTP 10 pl
2 mM ACTP 10 pl
2 mM dGTP , 10 pl
primer 3116 50.5 pmol/ul 1 pl
primer 3117 70.5 pmol/ul 1 pul
Tag polymerase 0.5u1
Parafin oil 50 ul
Step 1 94°C 2 min. 1 cycle
Step II 94°C 30 sec.

50°C 30 sec. 30 cycle

72°C 2 min.
Step 1III 72°C 5 min. 1 cycle

The resulting 310 bp fragment was isolated from a 2% agarose
gel after electrophoresis and digested with BamHI and BssHII
restriction enzymes. The resulting 264 bp BamHI/BssHII frag-
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sment was likewise isolated from 2% agarose gel. This fragment

was then ligated with

PMT1229 'BamHI/XbaIl 0.3 kb
PMT1229 BSSHII/SphI 0.5 kb
pMT1229  SphI/Xbal 5.0 kb -

The ligated DNA was transformed into E. coli strain MT172.
Transformants which contained correct inserts were selected and
their DNA sequence was determined by use of Sequenase (United
States Biochemical Corporatioﬁ). One resulting plasmid (pME-
1178) contained a mutation in the amino acid position 135 (phe
was mutated to trp).

PME1178 was cotransformed with PToC90 which included the amds
gene from A. nidulans as a selective marker into the A. oryzae
Al560 strain using the procedure described in WO 91/17243. A.
oryzae transformants were reisolated twice on selective plates
and stable transformants were characterized by rocket . immu-
noelectrophoresis, using anti-cCandida - lipase A antibody.
Candida lipase A produced by a transformant (strain MEA65) was
further analyzed for specific activity.

EXAMPLE 3

Construction of a plasmid expressing the F139W variant of
Candida_antarctica lipase A

A 246 bp BamHI/BssHII fragment was synthesized in Vitro on the
basis of the nucleotide sequence of the plasmid pMT1229 uslng
oligonucleotide primers 3116 and 3826 in a PCR reaction. The
primer 3826 includes a BssHII restriction site and a mutation
in the 139 phe codon (TTC) to trp codon (TGG) which is marked
with stars.
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;O0ligonucleotide primer 3116 is shown in Example 2.

Oligonucleotide primer 3826 (F139W:566-487) (SEQ ID No. 10)
5/-TTC TTG AGC GCG CGG ATG CCG TCG AGG ATA GCC ATG CCC TCT TCG
TAG CCA GCG ATC* C*AG GCG GCT TTG AAG CCT TCG TG-3*

A PCR reaction was performed by the method described in Example
2. The 310 bp fragment was isolated from 2% agarose gel after
electrophoresis and digested by BamHI and BssHII restriction
enzymes. The resulting 264 bp BamHI/BssHII fragment was
likewise isolated from 2% agarose gel. This fragment was thgn

ligated with
pMT1229 BamHI/Xbal 0.3 kb
pMT1229 BsSHII/SphI 0.5 kb
pMT1229 SphI/Xbal 5.0 kb

The ligated DNA was transformed into E. coli strain MT172.
Transformants which contained correct inserts were selected and
their DNA sequence was determined by use of Sequenase (United
‘States Biochemical Corporation). One resulting plasmid (pME-
1229) contained a mutation in the amino acid position 139 (phe
was mutated to trp).

PME1229 was cotransformed with pToC90 which included the amdSs
gene from A. nidulans as a selective marker into A. oryzae A
1560 strain. A oryzae transformants were reisolated twice on
selective plates and enzymeractiVity of a stable transformant
(MEA155) was analyzed by using tributylene as a substrate as
described in Example 5.
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,EXAMPLE 4

Construction of a plasmid expressing the F135W/F139W variant of

Candida antarctica lipase A

A 246 bp BamHI/BssHII fragment was synthesized in vitro using
oligonucleotide primers 3116 and 4224 by a PCR réaction. The
pPrimer 4224 includes a BssHII restriction site and mutations in
the 135 and 139 codons (TTC) to trp codons (TGG) which are
marked with stars.

-

The oligonucleotide primer 3116 is shown in Example 2.

Oligonucleotide primer 4224 (F135W:566~487) (SEQ ID No. 11)
5/-TTC TTG AGC GCG CGG ATG CCG TCG AGG ATA GCC ATG CCC TCT TCG
TAG CCA GCG ATC* C*AG GCG GCT TTC* C*AG CCT TCG TG-3’

PCR reaction was performed by using the method shown in Example
2. The 310 bp fragment was isolated from a 2% agarose gel after
electrophoresis and digested with BamHI and BssHII restriction
enzymes. The resulting 264 bp BanHI/BSSHII fragment was
likewise isolated from a 2% agarose gel. This fragment was then
ligated with ‘

PMT1229 BamHI/XbaI 0.3 kb
pMT1229 BssHII/SphI 0.5 kb
pMT1229 SphI/Xbal 5.0 kb

The ligated DNA was transformed into E. coli MT172. Transfor-
mants which contained inserts were selected and their DNA
sequence was determined by use of Sequenase. One resulting
plasmid (pME1230) contained two mutations in the amino acid
positions 135 and 139 (phe was mutated to trp).

PME1230 was cotransformed with pToC90 which included the amds
gene from A. nidulans as a selective marker into Aa. oryzae A
1560 strain. A. oryzae transformants were reisolated twice on
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¢ Selective plates and enzyme activity of stable transformants
were analyzed'by using tributylene as a substrate as described
in Example 5.

EXAMPLE 5

S Purification of C. antarctica lipase A variants P139W and
F135W/F139W and comparison of specific activity with their
parent wild type C. antarctica lipase A

The lipase variants and the parent lipase produced as described
in Examples 3, 4 and 1, respectively, were purified using the
10 following 4 step standard purification procedure.

Step 1: The fermentation broth containing the lipase and lipase
variant, respectively, obtained by culturing the transformed A.
oryzae cells described in Examples 1 and 3 above, was centri-
fuged, and the supernatant was adjusted to pH 7. Ionic strength
15 was adjusted to 2 mSi. DEAE-Sephadex A-50 (Pharmacia) gel was
swollen and equilibrated in 25 mM Tris acetate buffer PH 7. The
fermentation supernatant was passed through DEAE-Sephadex A-50
on scintered glass funnel. The effluent containing lipase
activity was collected and adjusted to 0.8 M ammonium acetate.

20 Step 2: An appropriate column was packed with TSK gel Butyl-
Toyopearl 650 C and .equilibrated with 0.8 M ammonium acetate.
The effluent containing lipase activity was applied on the
column. The bound material was eluted with water.

Step 3: The lipase-containing eluate was then applied on a
25 Highperformance Q-Sepharose column. Lipase activity was

collected as effluent. The lipases purified by this method were

concentrated to an Optical Density of 1 at 280 nm.

The purity of the lipases was checked by SDS-PAGE showing one
band with an molecular weight of about 45 XkD. The lipase
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;activity was determined by use of the method outlined above in
the section "General methods"®.

The lipase activity of the parent wild type lipase was 3001
LU/ODye as compared to 1200 LU/ODy, for the lipase variant
F139W. On the basis of ODy, absorption without correction for
the inserted tryptophan, the specific activity~of’the mutant
was at least four times higher with the assay used. The lipase
activity of the 1lipase variant F135W/F139W was 1400 LU/ODyy,
(without correction for the two additional tryptophans).

EXAMPLE 6

Thermostability of Candida antarctica lipase A and the mutant
F139W thereof

The thermostability of the C. antarctica lipase A and the C.
antarctica lipase A variant, was examined by Differential
Scanning Calorimetry (DSC) at different pH values. Using this
technique, the thermal denaturation temperature, T,, is deter-
mined by heating an enzyme solution at a constant programmed
rate.

More specifically, the Differential Scanning Calorimeter, MC-
2D, from MicroCal Inc. was used for the investigations. Enzyﬁe
solutions were prepared in 50 mM buffer solutions, cf. the
tables below. The enzyme concentration ranged between 0.6 and
0.9 mg/ml, and a total volume of about 1.2 mlhwas'used for each
experiment. All samples were heated from 25°C to 90°C at a scan
rate of 90°C/hr.

The results obtained from the analysis is shown in the table
below: S ' '
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¢ C. ant. lipase A (WT)
PH Buffer (50 mM) Denaturation temperature"
4.5 Acetate 96°C
55 Acetate 95°C
7 TRIS 93°C

C. ant. lipase A mutant (F139W)

10 pH Buffer (50 mM) - Denaturation temperature"
5 Acetate 84°C
7 TRIS 82¢°C
H Temperature, at which approximately half the enzyme
15 molecules present have been denatured ﬁhermally during
heating

The above results show that the pR-optimum for the thermosta-
bility of C. antarctica lipase A and the F139W variant is
unusually low and that both enzymes are very thermostable below

20 pH 7. Within the investigated range the thermostability of both
the Wild Type and the mutant F139W continues to increase as PH
is lowered. This makes both 1lipases very well suited for
hydrolysis/synthesis at unusually high temperatures at rela-
tively low pH values.
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Y SEQUENCE LISTING

(1) GENERAL INFORMATION:

(i) APPLICANT: _
(A) NAME: NOVO NORDISK A/S
5 (B) STREET: Novo Alle
(C) CITY: Bagsvaerd
(E) COUNTRY: DENMARK :
(F) POSTAL CODE (ZIP): DK-2880
(G) TELEPHONE: +45 44448888
10 (H) TELEFAX: +45 4449 3256
(I) TELEX: 37304

(1ii) TITLE OF INVENTION: Lipase Variants
(iii) NUMBER OF SEQUENCES: 11
15 (iv) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS :
(D) SOFTWARE: PatentIn Release #1.0, Version #1.2S
20 (EPO)
(2) INFORMATION FOR SEQ ID NO: 1:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 1389 base pairs
(B} TYPE: nucleic acid
25 (C) STRANDEDNESS: single
{D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO
(iii) ANTI-SENSE: NO .
30 (v) FRAGMENT TYPE: internal
(vi) ORIGINAL SOURCE:
(A) ORGANISM: Candida antarctica
(C) INDIVIDUAL ISOLATE: DSM 3855
{x1) SEQUENCE DESCRIPTION: SEQ ID NO: 1:
,35AEUG§EHGT(!ﬂﬂGQIHC(ﬂﬂCNIHOG(HGCEKIEG(IECNKEEC(IISGRXEC 60
' GOGGCTO0GG CGGCCGAGAC GCTGGACCEA OGGGOBGOGC TGCOCAACCC CTACGACGAT 120
OCCTITCTACA OGACGOCATC CAACATOGGC ACGTTIGCCA AGGGOCAGGT GATCCAATCT 180

GI?@GGRK!CCNIIECRTCESCAMGIX!ANUVKSCK;CGRIHTCCA(KHﬁCNHEC 240
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AAGOCOGCTT CGOOGOCCAA GATCTTTIOS T%CCAGGTCT AOGAGGATGC CACGGOGCTC
GACTGTGCTC OGAGCTACAG CTACCTCACT GGATTGGACC AGOOGAACAA GGTGAOGGOS
GIGCTOGACA OGOOCATCAT CATOGGCTGG GOGCIGCAGC AGGGCTACTA OGTOGICIOG

GCTATOGCTG GCATCACCAC GOOCTOGGOG GACCAAGTGC TCGGTTOGGA OCTGGOCAAC
mm@wmmm@
CCACCTTAG '

(2) INFORMATION FOR SEQ ID NO: 2:
(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 463 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: linear .

(ii) MOLECULE TYPE: protein -

(iii) HYPOTHETICAL: NO

(iii) ANTI-SENSE: NO

(v) FRAGMENT TYPE: N-terminal

PCT/DK93/00225
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i (vi) ORIGINAL SOURCE:
(A) ORGANISM: Candida antarctica
{C) INDIVIDUAL ISOLATE: DSM 3855
(i) SEQUENCE DESCRIPTION: SEQ ID NO: 2:

5 Met Arg Val Ser Leu Arg Ser Ile Thr Ser Ieu lLeu Ala Ala Ala Thi
1 5 10 15

Ala Ala Val leu Ala Ala Pro Ala Ala Glu Thr Leu Asp Arg Arg Ala
20 25 30

A]aleuproksnpro'IyrAspAsponPhe'Iyr'IhrThrPrOSerAsn
10 35 40 45

Ile Gly Thr Phe Ala Lys Gly Gln Val Ile Gln Ser Arg Lys Val Pro
50 55 60

'IhrAsp IleGlyAsnAlaAsnAsnAlaAlaSerPheGlnI.euGln'lyr
70 75 80

1s Arg Thr Thr Asn Thr Gln Asn Glu Ala Val Ala Asp Val Ala Thr Val
85 90 95

hleeProAlaLysProAlaSerProProLysIlePheSa:’IyrGln
105 110
Val'IyrsluIBpAla‘nurAlaleuAspcysAJaProSerTyrSerﬂyr
115 120 125 @
Ieut[hrGlyLenAspGlnProAsnLysVal'mrAlaValleuAsp'mr
135 140

Pro Ile Ile Ile Gly Trp Ala leu Gln Gln Gly Tyr Tyr Val Val Ser
145 150 155 160

25 Ser Asp His Glu Gly Phe Lys Ala Ala Phe Ile Ala Gly Tyr Glu Glu
165 170 175 s

GlyMetAlaIleI.euAspGly Ile ‘Arg Ala leu Lys Asn Tyr Gln Asn
180 185 190 '

IeuProSerAspSerLysValAlaI.euGluGly‘I‘yrSerGlyGlyAla'
30 195 200 205

lusAlateral'npAla'mrSerLeuAlaGIuSer'lyrAlaProGIu
210 215 - 220

Ieu Asn Ile Val GlyAlaSerHlscly Gly'mrProValSerAIaLys
.225 230 . . 235 e . 240

3 Asp'mrPhe'mrPheLeuAsnGlyGlyProPheMaGlyPhemIm
245 250 255

AlaGlyValSerclyleuSerIeuAlaHisProASpMetGIuSerPhe
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i 260 265 . ’ 270

Ile Glu Ala Arg Leu Asn Ala Lys Gly Gln Arg Thr Leu lys Gln Ile
275 o 280 ' 285 '

Arg Gly Arg Gly Fhe Cys Leu Pro Gln Val Val Leu Thr Tyr Pro Phe
5 290 295 300 o

ImAanalPheSe_rLeuValAsnAsp'mrAsnLeuleuAsn_GluAIa
305 310 ) 315 : 320

Pro Ile Ala Ser Ile Leu Lys Gln Glu Thr Val Val Gln Ala Glu Ala
. .325 330 335

10 Ser Tyr Thr Val Ser Val Pro Lys Phe Pro Arg Phe Ile Trp His Ala
. 340 . 345 350

Ile Pro Asp Glu Ile Val Pro Tyr Gln Pro Ala Ala Thr Tyr Val Lys
355 360 365

Glu Gln Cys Ala Lys Gly Ala Asn Ile Asn Phe Ser Pro Tyr Pro Ile
15 370 375 380

AlaGluHisI_eu'IhrAlaGluIlePheGleru_ValeoSerleu'n:'p
385 ' 390 395 400

Phe Ile Lys Gln Ala Phe Asp Gly Thr Thr Pro Lys Val Ile Cys Gly
405 410 415

20 'nirProIleProAlaIleAlaGlyIlemr'mrProSerAlaAspGIn
420 425 430

Val Leu Gly Ser Asp leu Ala Asn GIn Leu Arg Ser Leu Asp Gly Lys
435 440 445

Gln Ser Ala Phe Gly Lys Pro Phe Gly Pro Ile Thr Pro Pro Glx
25 450 455 460
(2) INFORMATION FOR SEQ ID NO: 3:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 277 amino acids
(B) TYPE: amino acid
30 (C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: protEin__
(i-ii)_ HYPOTHETICAL: NO
(iii) ANTI-SENSE: NO
35 (v) FRAGMENT TYPE: internal

(vi) ORIGINAL SOURCE:
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(A) ORGANISM: Pseudomonas fragi
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3:

Met Asp Asp Ser Val Asn Thr Arg Tyr Pro Ile Leu Leu Val His Gly
1 5 10 ‘ 15

5 Ia.lPheGlyPheAspArgIleGlySerl-usHlsTerheHlsGlyIle
‘ 25 30

Lys GIn Ala leu Asn Glu Cys Gly Ala Ser Val Phe Val Pro Ile 1le
45

SerAlaAlaAsnAspAsnGluAlaArgGlyAspGlnImleulysGln
10 55 60

IleHisAsnImArgArgGanal Gly Ala Gln Arg Val Asn Leu Ile
65 70 75 80

GlymsSerclnGlyAlaleu'mrAlaArg'erValAlaMaIleAla
85 95

15 ProGluLeuIleAlaSerVal'ﬂmSerValSerGlyProAsn}hscly
100 105 110

SerGluIazAlaAspArgleuArgI.euAlaPheValProGlyArgIeu
115 120

Gly Glu Thr Val Ala Ala Ala Leu Thr Thr Ser Phe Ser Ala Phe Leun
20 130 135 140

SerAlaIeuSerGlymsProArgleuProGInAsnAlaLeuAmAla
145 150 155 160

leu Asn Ala Ieu Thr Thr Asp Gly Val Ala Ala Phe Asn Arg Gln Tyr
165 170 175

25 PmGlnGlyLequAspArg'IkpGlyGlymtGlyProAlaGanal
185 190 ’

AsnAlaValms'Iyr'IyrSer‘IrpSerclyIle Ile Lys Gly Ser Argy
195 200 205

IeuAlaGluSerIeuAsnI.euIeuAspProleulhsAsnAlaLeuArg
30 210 215 220

ValPheAspSerPhePhe'IhrArgGlu'IhrAquluAsnAspGlyMet

225 230 235 240

Val GlyArgPheSerSerH;.sleuGly Gln Vval IleArgSerAsp'l}vr
245 250 : 255

s ProhmAspHisleuAsp'mrIleAanis'MetAlaArgGlySerAla
260 265 270
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Gly Ala Ser Thr Arg
275
(2) INFORMATION FOR SEQ ID NO: 4: ' b
(i) SEQUENCE CHARACTERISTICS:
5 (A) LENGTH: 269 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: protein
10 (iii) HYPOTHETICAL: NO
(iii) ANTI-SENSE; NO
(v) FRAGMENT TYPE: internal

(vi) ORIGINAL SOURCE:
(A) ORGANISM: Rhizomucor miehei

15 (x1) SEQUENCE DESCRIPTION: SEQ ID NO: 4:

Ser Ile Asp Gly Gly Ile Arg Ala Ala Thr Ser Gln Glu Ile Asn Glu
1 S 10 15

Ieumr'lyr'IYr'mr'mrleUSerAlaAsnSer'IerySArg'eral
20 25 30

20 IleProGly,Ala'nxr'l‘rpAspcyslleHisCysAspAlamcluISp'
35 40 45
IeuLysIleIleLys'Ihr'I‘r:pSer'mrleuIle'IYrAsp'mrAs-xAla
: 50 55 60

Met Val Ala Arg Gly Asp Ser Glu Lys Thr Ile Tyr Ile Val Phe Arg
25 65 70 75 80

GlySerSerSerIleArgAsn'anleAlaASpIeu'mrPheValPro
85 90 95

ValSer'IYrProProValSerGlyThrLysVal His Lys Gly Phe Leu
100 105 110

30 Asp Ser Tyr Gly Glu Val Gln Asn Glu Leu Val Ala Thr Val leu Asp
115 120 125

Gln Phe Lys Gln'.l}rrProSerWrLysValA;laVal.'erlynisSer
130 135 140

I.euGlyGly,Ala'mrMa-I_euIeucysAlalmGl-eru'IyrGlnArg
3s 145 150 : 155 160

GluGluGlyleuSerSerSerAsnLeuPhel.eu'ryr‘mrclnGlyGln
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165 170 175

ProArgValGlyk;pProAlaPheAlaAsn'leralValS_er'IhrGly
180 185 190

Ile Pro Tyr Arg Arg Thr Val Asn Glu Arg Asp Ile Val Pro His Leu

5 195 200 205 -
l

Pro Pro Ala Ala Phe Gly Phe Leu His Ala Gly Glu Glu Tyr Trp Ile
210 215 220 .

Thr Asp Asn Ser Pro Glu Thr Val Gln Val Cys‘IhrSe.rAspI.éuGlu
225 230 235 240

10 'BererAsprsSe:AmSerIleVa]ProPhe'mrSerValleuAsp
245 250 255

HisleuSer'IerheclylleAsthrGlyleu(,ySSer
260 265
(2) INFORMATION FOR SEQ ID NO: 5:
b - (1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 297 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TQPOLOGY: linear
20 (ii) MOLECULE TYPE: protein
(iii) HYPOTHETICAL: NO
(iii) ANTI-SENSE: NO
(V) FRAGMENT TYPE: internal

(vi) ORIGINAL SOURCE: .
25 (A) ORGANISM: Rhizopus niveus

(xi) - SEQUENCE DESCRIPTION: SEQ ID NO: 5:

AspAspAsnI.euValGlyGlyMet'mrImAspLeuProSerAspAJa
1 5 10 15

PronleeSerIazSerSerSer'lhrAsnSerAlaSerAspGlyGly
30

30 20 25
Lys Val Val Ala Ala Thr Thr Ala Gln Ile Gln Glu Phe Thr Lys Tyr
35 40 45
" Ala Gly Ile Ala Ala Thr Ala Tyr Cys Arg Ser Val VaiProGlyAsn
- 50 55 60
© 35 Lys'l‘szspcysValclanclnLys'I‘r'pValH‘oAsp_GlyLysile
65 70 75 80
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Ile Thr Thr Phe Thr Ser Leu Leu Ser Asp Thr Asn Gly Tyr Val leu
85 90 95

Arg Ser Asp Lys Gln Lys Thr Ile Tyr leu Val Phe Arg Gly Thr Asn
100 105 110

] Ser Phe Arg Ser Ala Ile Thr Asp Ile Val Phe Asn Phe Ser Asp Tyr
115 ‘ 120 125

Lys Pro Val Lys Gly Ala Lys Val His Ala Gly Phe Leu Ser Ser Tyr
130 135 140

Glu Gln Val Val Asn Asp Tyr Phe Pro Val Val Gln Glu GIn Leu Thr
10 145 150 155 160

Ala His Pro Thr Tyr Lys Val Ile Val Thr Gly His Ser Leu Gly Gly
165 170 175

Ala Gln Ala Leu Leu Ala Gly Met Asp Leu Tyr Gln Arg Glu Pro Arg
180 185 . 190

15 Leu Ser Pro Lys Asn Leu Ser Ile Phe Thr Val Gly Gly Pro Argy vai
195 200 205

Gly Asn Pro Thr Phe Ala Tyr Tyr Val Glu Ser Thr Gly Ile Pro Phe
210 215 220

Gln Arg Thr Val His Lys Arg Asp Ile Val Pro His Val Pro Pro Gln
20 225 230 235 240

Ser Phe Gly Phe Leu His Pro Gly Vval Glu Ser Trp Ile Lys Ser Gly
245 250 255

Thr Ser Asn Val Gln Ile Cys Thr Ser Glu Ile Glu Thr Lys Asp Cys
260 265 270

25 Ser Asn Ser Ile Val Pro Phe Thr Ser Ile Leu Asp His Leu Ser Tyr
275 280 285 -

Fhe Asp Ile Asn Glu Gly Ser Cys lLeu
290 - 295

(2) INFORMATION FOR SEQ ID NO: 6:

30 (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 44 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

3s (ii) MOLECULE TYPE: DNA (synthetic)
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; (iii) HYPOTHETICAL: NO
(iii) ANTI-SENSE: NO

(v) FRAGMENT TYPE: internal

5 GCIGCTCTGC CTAACCCTTA CGAYGAYCCT TTCTACACCA OCCC

(2) INFORMATION FOR SEQ ID NO: 7:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 17 base pairs
(B) TYPE: nucleic acid
10 (C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (synthetic)
(iii) HYPOTHETICAL: NO
(iii) ANTI-SENSE: NO
15 ’ (v) FRAGMENT TYPE: internal
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7:

AAYOCONTAYG AYGAYCC

(2) INFORMATION FOR SEQ ID NO: 8:
(1) SEQUENCE CHARACTERISTICS:
20 (A) LENGTH: 21 base pairs
{(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (synthetic)
25 (iii) HYPOTHETICAL: NO
(iii) ANTI-SENSE: NO
(v) FRAGMENT TYPE: internal
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8:

CAGAACGAGG - CGGTGGCOGA ©

30 (2) INFORMATION FOR SEQ ID NO: 9:

(i) SEQUENCE CHARACTERISTICS:

(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 6:°

- PCT/DK93/00225

44

17

21
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. (A) LENGTH: 80 base pairs
. (B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
5 (ii) MOLECULE TYPE: DNA (synthetic)
(iii) HYPOTHETICAL: NO
(iii) ANTI-SENSE: YES
(v) FRAGMENT TYPE: internal
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9:

10 TICTTGAGOG QGOGGATGCC GTOGAGGATA GOCATGCCOCT CTTCGTAGOC AGCGATGAAG . 60
GOGGCITICC AGCCTTOGTG ' 80
(2) INFORMATION FOR SEQ ID NO: 10:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 80 base pairs
15 (B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (synthetic)
(iii) HYPOTHETICAL: NO
20 (iii) ANTI-SENSE: YES
(V) FRAGMENT TYPE: internal
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: _
TICTTGAGOG OGOGGATGCC GTOGAGGATA GOCATGCOCT CTTOGTAGOC. AGOGATOCAG 60
GQOGGCTTIGA AGOCTTOGIG ' 80

25 (2) INFORMATION FOR SEQ ID NO: 11:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 80 base pairs
(B) TYPE: nucleic acid - .
: ~ (C) STRANDEDNESS: single
30 , (D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (synthetic)

(iii) HYPOTHETICAL: NO
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i (iii) ANTI-SENSE: YES
(v) "FRAGMENT TYPE: internal
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11:
TICTTGAGCG CGOGGATGCC GTOGAGGATA GOCATGOOCT CTTOGTAGOC AGOGATOCAG 60

5 GOGGCITTCC AGCCTTIOGTG 80
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CLAIMS

1. A lipase variant of a parent llpase comprising a trypsin-
like catalytic triad including an active serine located in a
predomlnantly hydrophobic, elongated binding pocket of the

s lipase molecule and, located in a critical position of a lipid
contact zone of the lipase structure, an amino acid residue
different from an aromatic amino aciad residue, which amino acid
residué interacts with a lipid substrate at or during hydroly-
sis, in which lipase variant said amino acid residue has been

10 replaced by an aromatic amino acid residue so as to confer to
the variant an increased specific activity as compared to that
of the parent lipase.

2. A lipase variant according to claim 1, wherein the aromatic

amino acid residue to be inserted in the critical position is

15 selected from the group consisting of tryptophan, phenylala-
" nine, tyrosine and histidine.

3. A lipase variant according to claim 1 or 2, in which saiaq
amino acid residue different from an aromatic amino acid re-
sidue 1s a phenylalanine residue.

20 4. A lipase variant according to any of claims 1-3, in which
the amino acid residue located in the critical position of the
lipase is different from tryptophan, and said amino acid re-
sidue has been replaced with a tryptophan residue.

5. A lipase variant according to any of the preceding claims,
25 wherein the parent lipase is selected from a microbial or a
mammalian lipase.

6. A lipase variant according to claim 5 wherein the parent
-lipase is a yeast lipase. ' '

7. A lipase variant accoraing to claim 6, wherein the parent
30 lipase is derived from a strain of Candida antarctica.
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8. A lipase variant according to claim 7, wherein the parent

lipase is lipase A of C. anptarctica.

9. A lipase variant according to claim 8, which has the amino
acid sequence shown in SEQ ID No. 1, in which the phenylalanine
139 of the parent lipase has been replaced by a tryptophan re-
sidue, or in which the phenylalanine 135 and 139. of the parent
lipase have been replated by tryptophan residues.

10. A lipase variant according to claim S, in which the parent
lipase is a bacterial lipase.

11. A lipase variant according to clainm 10, wherein the parent
lipase is derived from a strain of Pseudomonas.

12. A lipase variant according to claim 11, which is derived
from a strain of Pps. fragi.

13. A lipase variant according to claim 12, which has the amino
acid sequence shown in SEQ ID No. 3 in which the pheny1a1anine
29 of the parent lipase has been replaced by a tryptophan
residue. '

14. A lipase variant according to claim 5, wherein the parent
lipase is selected from a fungal lipase, a human lipase, a
murine lipase, a rat lipase or a canine lipase.

15. A C. antarctica lipase A essentially free from other sub-
stances from C. antarctica, which comprises the amino acid
sequence shown in SEQ ID No. 2, or a variant of said lipase
which

1) has lipase activity,

:2) reacts with dn antibody feéétive with at least one epitope

of C. antarctica lipase A having the amino acid sequence SEQ ID
No. 2, and/or
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¢« 3) is encoded by a nucleotide sequéence which hybridizes with an
oligonucleotide probe prepared on the basis of the full or
partial nucleotide sequence shown in SEQ ID No. 1 encoding the

C. antarctica lipase A.

5 16. A DNA sequence encoding C. antarctica lipase A having the
amino acid sequence shown in SEQ ID No. 2 or a modification of
said DNA sequence which encodes a variant of C. antarctica
lipase A which

1) has lipase activity,

10 2) reacts with an antibody reactive with at least one epitope
of the C. antarctica lipase A having the amino acid seguence
SEQ ID No. 2, and/or

3) is encoded by a nucleotide sequence which hybridizes with an
oligonucleotide probe prepared on the basis of the full or
1s part1a1 nucleotide sequence shown in SEQ ID No. 1 encodxng the

antarctica lipase A.

17. A DNA construct comprising a DNA sequence encoding a lipaée
variant according to any of claims 1-14 or C. antarctica lipase
A according to claim 15.

20 18. A recombinant expression vector which carries a DNA
construct according to claim 17.

19. A cell which is transformed with a DNA construct according
to claim 17 or a vector according to claim 18.

20. A cell according to claim 19 which is a fungal cell, e.g.
25 belonglng to the genus Aspergillus, _such as A. npiger, A.-
) ae, or.A; idular S; a ‘yeast cell,‘e;gﬁ belonging to a
strain of Saccharomyces, such as S. cerevisiae, or a methy-
lotrophlc yeast from the genera Hansenula, such as H. poly-
morpha, or Phichia, such as P. pastoris; or a bacterial cell,

NZAS-0014083



WO 94/01541 5 PCT/DK93/00225

51
i e.g. belonging to a strain of Bacillus, such as B. subtilis, B.

licheniformis or B. lentus, or to a strain of Escherichia, such
as E, coli.

21. A method of producing a lipase variant according to ény of
s claims 1-14, wherein a cell according to claim 19 or 20 is

cultured under conditions conducive to the production of the

lipase variant, and the lipase variant is subsequently rec-
overed from the culture. ' A

22. Use of a lipase variant according to any of claims 1-14 or

10 the C. antarctica lipase A or a variant thereof according to
claim 15 in ester hydrolysis, ester synthesis or interesterifi-
cation. '

23. Use of a lipase variant according to any of claims 1-14 or
the C. antarctica lipase A or a variant thereof according to

1s claim 15 for avoiding pitch trouble in al process for the
production of mechanical pulp or a paper-making process using
mechanical pulp.
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